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area of a j e t  s e c t i o n  
drag f a c t o r  

dynalpy reduct ion f a c t o r  
r e s u l t a n t  of t h e  fo rces  of f r i c t i o n  on t h e  d i f f u s e r  
form parameter of t h e  boundary layer :  H = 

dynalpy: d = p + pu 2 
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l eng th  
Mach number 
Mach number of t h e  mean flow, equivalent t o  t h e  flow l eav ing  t h e  nolrzle 
s t a t i c  p re s su re  
mean p res su re  on t h e  inne r  su r face  of t h e  i n t a k e  entrance 
d e l i v e r y  reduct ion f a c t o r  
d i s t a n c e  from a po in t  of t he  boundary l a y e r  t o  the  a x i s  of t h e  nozzle  
r a d i u s  of a j e t  s e c t i o n  
drag of t h e  ensemble formed by a model and i t s  support  
v e l o c i t y  a t  a p o i n t  of t h e  flow 
d i s t a n c e  from t h e  nozzle outflow plane t o  t h e  i n t a k e  en t r ance  plane 
d i s t a n c e  from a po in t  of t h e  boundary l a y e r  t o  t h e  w a l l  
a n g l e  
s p e c i f i c  h e a t  r a t i o  
recompression produced by t h e  d i f f u s e r :  T = Pe m a x / P ~  
th i ckness  of t h e  boundary l a y e r  
displacement thickness  
motion q u a n t i t y  thickness  

OM , 
m ( ~ ) '  i s e n t r o p i c  expansion r a t i o :  Z(M) = p/pr 
T(M) 

' 

r a t i o  of t h e  generat ing p res su res  on e i t h e r  s i d e  of a normal shock t o  t h e  
Mach number: T ( M )  = p i /p r  

I P  volumetr ic  mass 
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I 

of areas f o r  an i s e n t r o p i c  flow: (M) = A/A* 

condi t ions i n  the  box 
diverging element ( b a f f l e )  
e x t r a c t i o n  condi t ions 
generat ing condi t ions 
mixer 
i n t a k e  
condi t ions i n  t h e  output  plane of t h e  mixer 
support-model ensemble 
condi t ions a t  t h e  border of t h e  boundary l a y e r  
condi t ions i n  t h e  output  plane of t h e  nozzle 
neck of t h e  nozzle.  

The s u b s c r i p t s  have the fol lowing s ignicance:  
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STUDY OF A FAMILY OF DIFFUSERS FOR LOW REYNOLDS NUMBER 
HYPERSONIC W I N D  TUNNELS 

B. Monnerie 

i: il ABSTRACT. Af t e r  having demonstrated t h e  advantage of 
using a d i f f u s e r  i n  a low dens i ty  hypersonic wind-tunnel, a 
method i s  proposed f o r  evaluat ing t h e  o v e r a l l  performance 
of a family of d i f f u s e r s  cons i s t ing  of a con ica l  i n t a k e  f o l -  
lowed by a c y l i n d r i c a l  mixing sec t ion .  
w i th  t h i s  system are compared with experimental  d a t a ,  il- 
l u s t r a t i n g  t h e  e f f e c t  of va r ious  geometrical  parameters of 
t h e  d i f f u s e r  on t h e  recovery of achievable pressure.  

Resul ts  obtained 

I. INTRODUCTION 

U n t i l  q u i t e  r e c e n t l y ,  i n  t h e  preliminary planning of r a r e f i e d  gas wind- - / 9 *  
t unne l s ,  no a t t e n t i o n  w a s  paid t o  t h e  advantages t h a t  might be  der ived from a 
n a t u r a l  recompression of t h e  flow i n  a d i f f u s e r .  
t h i s  l a c k  of i n t e r e s t  w a s  t h e  f a c t  t h a t  t h e  Mach number and t h e  s t a t i c  j e t  pres- 
s u r e  were low, so  t h a t  t h e  recompression t h a t  could be achieved i n  a d i f f u s e r  
w a s  n e g l i g i b l e .  

The most f requent  reason f o r  

A s  w e  s h a l l  see, t h e  s i t u a t i o n  changes f o r  a high Mach number. Here, i t  i s  /10 
p o s s i b l e  t o  achieve high enough recompression rates t o  m a k e . i t  p o s s i b l e  t o  do 
without  one o r  more of t h e  pumping s tages  which ensure t h e  ope ra t ion  of t h e  
tunnel .  

The r e s u l t s  presented below concern t h e  study of a p a r t i c u l a r  family of 
The f i r s t  p a r t  of t h e  d i scuss ion  d e a l s  d i f f u s e r s  of very s imple conception. 

w i t h  ail eva lua t ion  of t h e  perfnrmance that may be expected of d i f f u s e r s  of t h i s  
kind. I n  t h e  second p a r t  of t h e  d i scuss ion ,  t hese  r e s u l t s  are compared w i t  
experimental  da t a .  

11. PERFORMANCE EVALUATION 

11. 1. Descript ion of t he  Type of D i f fuse r  Selected 

This d i f f u s e r  is  designed f o r  u se  i n  an open j e t  wind-tunnel, equipped w i t h  
The d i f f u s e r  i t s e l f  i s  a body of r evo lu t ion ,  comprised o f :  a hypersonic nozzle.  

1. a t runca ted  con ica l  i n t a k e  of 4r entrance diameter and ar ang le ;  
2. a c y l i n d r i c a l  mixer of om diameter and of L, l eng th ;  and 
3 .  a b a f f l e  designed t o  ensure communication with t h e  pumping channel. 

A d i f f u s e r  of t h i s  conf igu ra t ion  has a l r eady  been s u c c e s s f u l l y  used a t  AEDC 
[l] and [ 2 ] .  The nozzle-diffuser  system i s  housed i n  a chamber i n  which t h e  
p re s su re  pc i s  e s t a b l i s h e d .  

"Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  fo re ign  t e x t .  
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1 1 . 2 .  Evaluation of Maximum Recompression 

Di f fuse r  performance i s  evaluated with t h e  he lp  of t h e  theorem of t h e  quan- 
t i t y  of motion, app l i ed  t o  t h e  flow port ion contained between the  nozzle  output  
and t h e  mixer output ,  i n  a manner s imilar  t o  t h a t  developed i n  [31, assuming t h e  
fol lowing s impl i f i ed  hypotheses: 

1. 

2 .  

0 

t h e  nozzle  i s  assumed t o  be co r rec t ly  primed: 

t h e  flow i s  uniform ou t s ide  the  boundary l a y e r s  (Mach number Mo, p r e s -  

pc < po,  where p i s  t h e  0 output  p re s su re  of t h e  nozzle;  

s u r e  p ) i n  t he  output  s e c t i o n  of t h e  nozzle;  
2 
0 

3 .  t h e  Mach number i s  high: M >> 1; 

4 .  t h e  flow i n  the  d i f f u s e r  i s  ad iaba t i c ;  
5 .  t h e  flow is subsonic and uniform i n  t h e  output  s e c t i o n  of t h e  mixer. 

I f  t h e  flow i s  no t  uniform, i t  w i l l  be replaced by t h e  equiva len t  subsonic flow 
which t r a n s p o r t s  t h e  same de l ive ry  ra te ,  the same quan t i ty  of motion, and t h e  
s a m e  energy as t h e  real flow (see [41 f o r  t h e  concept of t h e  mean f low);  

water of t h e  housing chamber i s  negl ig ib le .  
6 .  t h e  ex te rna l  w a l l  f r i c t i o n  ac t ing  on t h e  su r faces  washed by t h e  s t i l l  

Note t h e  following: 
- 
pr  - t h e  mean pressure  p reva i l i ng  on t h e  inner  s u r f a c e  of t h e  in t ake ;  
F - t h e  r e s u l t a n t  of t h e  f o r c e s  of f r i c t i o n  on the  in t ake  and i n  t h e  mixer; 
Q - t h e  d e l i v e r y  reduct ion  f a c t o r :  

r e a l  de l ivery  of nozz le  Q =  
OUOAO Y 

D - the  dynalpy reduct ion  f a c t o r :  

t o t a l  dynalpy leaving t h e  nozzle  D =  

The equat ions  f o r  t h e  conservat ion of de l ive ry  and dynalpy f o r  t h e  closed 
su r face  shown i n  Figure 1 lead  to :  

An eva lua t ion  of t h e  order  of magnitude of t h e  d i f f e r e n t  terms found i n  
square bracke ts  i n  Equation (2), c a r r i e d  out  during s p e c i f i c  experiments i n  which 
Am i s  i n  t h e  order  of Ao, i n d i c a t e s  t h a t ,  i n  t h e  f i r s t  approximation, t h e  last  

t h r e e  terms may be disregarded wi th  respec t  t o  t h e  f i r s t .  

2 
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Figure 1. Installation Diagram. 
1. Compressed air intake; 2. Heater; 3 .  Nozzle cooling; 4 .  Measuring 
chamber; 5 .  Diffuser displacement control; 6. Injection device; 7. 
Outlet to mechanical pumping group. 

Equation (2) then becomes 

By comparing Equation (3 )  and Equation (l), M can be calculated by 
S 

where D and Q are functions of the flow characteristics at the nozzle outlet 
( [ 4 1  and [51):  

2 - 
Since the Mach number is assumed to be high, H and yMO are large with re- 

spect to unity; consequently: 

- / 11 

( 3 )  



/ 
Rela t ion  (6) between M and Mo is t h a t  which l i n k s  t h e  Mach numbers on 

s i d e  of a r igh t - ang le  shock [ 4 ] .  I n  t h e  hypersonic region,  t h e  Mach number 

stream from t h e  normal shock tends toward t h e  l i m i t i n g  value dy+'.. 
r e s u l t  : 

S 

i 
- 

A s  a 

e i t h e r  

down- 

The e x t r a c t i o n  p res su re  p p reva i l i ng  a t  t h e  end of t h e  subsonic d i f f u s e r ,  e 
which i s  a con t inua t ion  of t h e  mixer, i s  then computed on the  b a s i s  of p and M : 

S S 

and 

whence : 

11.3. Va l id i ty  L imi t a t ions  

Thus found, Equation (9)  c l e a r l y  i n d i c a t e s  t h e  e f f e c t  on d i f f u s e r  performance: 

- on t h e  one hand, of t h e  aerodynamic parameters which determine t h e  flow 

0' 
- on t h e  o t h e r  hand, of the s o l e  geometric parameter $,, mixer diameter.  

s ta te  a t  the  nozz le  output (Mach number M i n i t i a l  boundary l a y e r  61/R); 

The o t h e r  geometric parameters of the d i f f u s e r  (0  a L,' do n o t  appear t o  r' r' 
e x e r t  any in f luence .  
c u l a t i o n  procedure employed t o  e s t a b l i s h  Equation (9) i s  v a l i d  only i n s o f a r  as 
t h e  hypotheses i n i t i a l l y  pos tu l a t ed  are v e r i f i e d ,  i n  p a r t i c u l a r ,  t h e  fol lowing 
two : 

On the  o the r  hand, it must be borne i n  mind t h a t  t h e  c a l -  

a.  t h e  nozzle  is  properly primed: pc PO; 
b. t h e  real flow a t  t h e  output  of the m i x e r  approximates t h e  mean equ iva len t  

subsonic f low.  I n  e f f e c t ,  any flow which, a t  t h e  end of t h e  mixer, contained 
supersonic  elements,  would l e a d  t o  pe/ps values  of much less than 1. 

4 



I f  t h e  parameters (b and a have a r b i t r a r y  va lues ,  cond i t ion  "a" above r r 
w i l l  no t  be r e a l i z e d .  

'r - 'm o 
seen t h a t  i f  t h e  d i f f u s e r  is  too s h o r t ,  condi t ion "b" cannot be v e r i f i e d .  

For example, assuming t h a t  t h e r e  i s  no i n t a k e  and with - < 41 , it  w i l l  n o t  be p o s s i b l e  t o  ob ta in  p c I  Po. S imi l a r ly ,  i t  w i l l  be 

It is  t h e r e f o r e  necessary,  i n  o r d e r  to  j u s t i f y  t h e  use of Equation (9), t o  
u t i l i z e  a d i f f u s e r  whose geometric parameters $ a and L have been p rope r ly  

def ined on t h e  b a s i s  of systematic  experimentation. Moreover, con t r a ry  t o  what 
Equation (9) might appear t o  imply, i t  w i l l  n o t  be p o s s i b l e  t o  i n c r e a s e  t h e  
recompression beyond a c e r t a i n  l i m i t  by reducing $m. 

' first ,  t h e  complimentary terms of Equatfon (2) are no longer  n e g l i g i b l e ,  
land, second, t he f f low recompression conditions i n  t h e  i n t a k e  of t h e  d i f -  
f u s e r  become very severe, and i t  is v i r t u a l l y  impossible t o  f i n d  an i n t a k e  pro- 
f i l e  t o  s a t i s f y  condi t ion "b". 

r '  r '  m 

I n  f a c t ,  when 0, << $o, 
~ _ _ _  

F i n a l l y ,  t h e  j e t  priming cond i t ions  a l s o  l i m i t  t h e  va lue  of $ . I n  t h e  m 
t r a n s i t i o n  phase,  during which recompression is e f f e c t e d  by a normal shock, 
supposedly loca ted  i n  t h e  v i c i n i t y  of  t h e  nozz le  output  plane,  i t  i s  necessary 
t o  have : 

and thus 

11.4. Remarks 

11.4.1. The presence of a model and i t s  support ing s t r u c t u r e  i n  t h e  j e t  
may be taken i n t o  cons ide ra t ion  i n  t h e  c a l c u l a t i o n  procedure o u t l i n e d  above. 
L e t  T be t h e  drag of t h e  model-support t o t a l  system 

The complimentary term T/p A corresponding t o  t h e  l o s s e s  caused by t h e  

model, i s  introduced i n  t h e  parentheses  of t h e  second member of Equation (2), 
and l e a d s  t o  a decrease of t h e  recompression: 

0 m y  

5 



11.4.2. The eva lua t ion  of r i s  of i n t e r e s t  during t h e  wind-tunnel design 
Never the less ,  a more gen- s t a g e ,  when t h e  j e t  s ta t ic  pressure l e v e l  is f ixed .  

eral r e l a t i o n ,  independent of t h e  n*le output cond i t ions ,  may a l so  be obtained.  
P rese rva t ion  of t h e  de l ive ry  between t h e  surge chamber and t h e  mixer ou tpu t ,  
maintaining t h e  same hypotheses as before  ( a d i a b a t i c  and uniform flow a t  t h e  
output  of t h e  mixer ) ,  l e a d s  t o  t h e  foll-ing r e l a t i o n  between t h e  genera t ing  
p r e s s u r e  p and t h e  e x t r a c t i o n  pressure  p : e - i 

D 

E 

Within t h e  contex t  of t h e  approximations of Sect ion 11 .2 .  , Equation (10) 
becomes 

o r  

111. EXPERIMENTAL RESULTS 

111.1 T e s t  Conditions 

111.1.1. The priming and opera t ing  condi t ions  of  t h e  d i f f u s e r  have been 
s t u d i e d  f o r  a case  i n  which t h e  e spec ia l ly  uniform upstream flow is  furnished 
by a contoured nozz le  having t h e  following e s s e n t i a l  c h a r a c t e r i s t i c s :  

- diameter a t  t h e  neck 8 mm; 
- e x t e r n a l  diameter 134 mm; 
- mean Mach number a t  output  7.8; 
- cons tan t  genera t ing  condi t ions :  

111.1.2. 

Ti = 700' K;  pi = 1060 mb. 

The d i f f u s e r ,  of t h e  type desclribed i n  Sec t ion  XI (Figure 2 ) , 1  
This  arrangement a l lows s l i d e s  w i t h i n  a channel of  diameter grea te r  than  0 . 

a con t inua l  varying of t h e  d i s t a n c e  from the  output  p lane  of t h e  nozz le  t o  t h e  
input  p lane  of t h e  d i f f u s e r ,  and owes i t s  conception t o  a similar device ,  whose 
use  i s  mentioned i n  [ l ]  and [2 ] .  

m 

The conf igura t ions  t e s t e d  are l i s t e d  i n  Table 1, i n  which each i s  given 
an i d e n t i f y i n g  number. 

6 
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Figure 2. Definition of Geometric Parameters 1 
I 

I ~ I TABLE 1. 
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111.2. Tes t  Procedure 

For each d i f f u s e r  conf igu ra t ion ,  t h e  maximum e x t r a c t i o n  p res su re  compatible  /13 
with  c o r r e c t  priming of t h e  nozz le  (pc < p ) is  t h e  ob jec t  of a sys temat ic  

a n a l y s i s .  
0 

Since t h e  d i s t a n c e  1x1 between t h e  nozzle  output  p lane  and t h e  inpu t  p l ane  
of t h e  d i f f u s e r  i n t a k e  i 6  f i x e d  and t h e q e n e r a t i n g  p res su re  p 
t h e  extraction p res su re  R 
upstream from t h e  pumping group. 

i s  held c o n s t a n t ,  i 
is obtained v i n j e c t i n g  an a u x i l i a r y  flow d i r e c t l y  

"& a t  

The corresponding behavior of t h e  box p res su re  
is  i l l u s t r a t e d  PC 

Figure 3. Evolut ion of t h e  P res su re  a s  a Function of  t h e  Ex t rac t ion  P res su re  
(Configuration 1. X = 350 mm) 

This  curve i l l u s t r a t e s  t h e  two opera t iona l  modes. Only t h e  f i r s t  mode, 
cha rac t e r i zed  by a q u i t e  cons tan t  chamber p re s su re ,  permi ts  t h e  f u l f i l l m e n t  of 
t h e  nozz le  priming condi t ion .  
occurs  r a t h e r  ab rup t ly ,  thus  enabl ing us  t o  d e f i n e  t h e  maximum pres su re  of 
e x t r a c t i o n  wi thout  ambiguity. 

The transition from t h e  f i r s t  mode t o  t h e  second 

The r e s u l t s  obtained f o r  d i f f e r e n t  values  of 1x1 l e a d  t o  t h e  curve 
r = F@) ,  shown i n  Figure 4 ,  which ind ica t e s  a maximum f o r  a va lue  X = X 
optimum. It w i l l  be observed t h a t  t he  values  of 1x1 opt  evolve q u i t e  amply 
from one conf igu ra t ion  t o  another :  1.5 < X / I $ ~  < 4 . 5 .  

8 
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111.3. Study of t h  fuser :  Effect of t h e  

- 

=r* 111.3.1. General 

30. 

20 
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' Con figurations 
e c2 

The experiments conducted have made it poss ib l e  t o  s p e c i f y ,  on an o v e r a l l  
b a s i s ,  t h e  r o l e  of each of t h e  d i f f u s e r  elements, and t o  v e r i f y  t h e  ex t r a -  
po la t ions  der ived  from the c a l c u l a t i o n s  out l ined  i n  Sec t ion  11: 

- t h e  i n t a k e  el-t has no d i r e c t  e f f e c t  on t h e  maximum recompression I 

I _ _ _  
(Figures  5 and 6 ) .  \ 
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Figure 5. 
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Figure 6. 
D i f fuse r :  
/ In take  a,; ($r - c o n s t ,  X = 

Pressure  Recovery i n  t h e  
E f f e c t  of t h e  Angle of 

-___ 

Xopt) 
-\ Pressure  Recovery i n  t h e "  

Ef fec t  of t h e  Entrance 
(ar  = 6' ;  X = X op t )  
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111.3.2. D i f fuse r  Entrance,  In take  Condition 

Close a n a l y s i s  of t h e  adhesion condi t ions of t h e  j e t  e j e c t e d  from t h e  nozz le  
on t h e  d i f f u s e r  en t rance  has  not  y e t  been poss ib le .  
d i sp l ay  f a c i l i t i e s  permi t t ing  a d e t a i l e d  study of t h e  phenomena and flows in-  
volved, which becomes very  complex i n  t h i s  area. 
a t i o n a l  mode, which appears i n  Figure 3 and is  cha rac t e r i zed  by cons tan t  box 
p res su re ,  sugges t s  t h e  ex i s t ence  of a laminar flow of a supersonic  type.  
f low would probably develop a t  t h e  entrance t o ,  o r  i n  t h e  inmediate v i c i n i t y  o f ,  
t h e  connect ion wi th  t h e  m i x e r .  On t h e  other  hand, t h e  second mode l ends  i t s e l f  
t o  an analagous i n t e r p r e t a t i o n ,  where the opera t ion  of supersonic  e j e c t o r s  is  a 
mixed mode, i n  which t h e  jet discharged from t h e  nozz le  is  progress ive ly  de- 
graded and adheres  t o  t h e  mixer wal l  f a r  downstream from t h e  i n t a k e  [3 ] .  

This i s  due t o  t h e  l a c k  of 

Nevertheless ,  t h e  f i r s t  oper- 

This  

Under t h e s e  conditi-, i t  appea re9ha t  t h e  r o l e  of a w e l l  designed en- 
t r a n c e  c o n s i s t s  of e s t a b l i s h i n g  t h e  supersonic mode, i n  o rde r  t o  ensure a 
s u f f i c i e n t l y  low box pressure  t o  permit-;complete priming of t h e  nozzle .  a -_ =%!E€ 

The e f f e c t  of t h e  s of t h e  i n t a k e  (relat 
s e c t i o n  and angle)  on t pres su re  p is  shown 

and 8. For a f ixed  ang 
leading  t o  a minimum va 

diameter  

C 

e is an optimum ent rance  diameter  
t h e  case of  an  imposed en t rance  

d e c r e a s e s ' a t  t h e  same ra& as  t h e  angle  of convergence. 
0 
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Effec t  of t h g E n t r a n c e  Sec t ion  
1 P ~- ar [(x - ~ c o n s t . ,  x - Xopt) -1 I'Ar (ar - 6 O ,  - x - X o p t ) i  

-- 
Bearing these  r e s u l t s  i n  mind, a s a t i s f a c t o r y  method of propor t ion ing  t h e  

i n t a k e  may be obtained on t h e  bas i s  of t h e  following c h a r a c t e r i s t i c s :  

10 

(F igures  8 and 9 ) .  
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111.3.3. &xer 
I - - __  

The a n a l y s i s  made in Sect ion I1 i nd ica t e s  t h a t  d i f f u s e r  performance essen- 
~ 

t i a l l y  depends on t h e  &&meter of t w x e r ,  provided that t h e  l eng th  L- is In 
s u f f i c i e n t  f o r  t h e  establ ishment  of azsubsonic cond i t ion  a t  its extremity.  

. wee, the -verable u r e  abov pumps is'a%&&tceably 1 

This f a c t  i s  confirmed by t h e  r e s u l t s  shown i n  F igure  10: when L m / h  
i nc reases ,  t h e  recovery obtained risee t o  a maximum v a l u e ,  which probably cor- 
responds t o  t h e  establ ishment  of t h e  aubsonic mode a t  t h e  end of t h e  d i f f u s e r .  
An a d d i t i o n a l  i nc rease  of Lm/$m e reduct ion  of t h e  recovery rate, as a 

t t h e  w a l l .  For a n e a r l y  optimum L m 
l i n e a r  r e l a t i a m h i p  betw 
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. 111.3.4. Overa l l  Performance of t he  Diffuser .  Comparison wi th  Ca lcu la t ions  

The r e s u l t s  obtained f o r  t h e  d i f f e r e n t  conf igu ra t ions  t e s t e d  have been 
compared (F igure  12)  wi th  t h e  approximate c a l c u l a t i o n  based on t h e  a p p l i c a t i o n  
of Equation (9).  This comparison a l s o  makes use  of  t h e  experimental  r e s u l t s  i n  
Reference [2] .  The aggregate  of t h e  r e s u l t s  is  c l e a r l y  s i t u a t e d  on a s t r a i g h t  
l i n e  of 0.8 i n c l i n a t i o n ,  i nd ica t ing  a 20% l o s s  wi th  r e s p e c t  t o  t h e o r e t i c a l  
p red ic t ions .  Bearing i n  mind t h e  r e s u l t s  of Sec t ion  III.3.A. 

Equation (2) .  

- I14  

(Figures  5 and 6 ) ,  
t h i s  l o s s  may be  a sc r ibed  pr imar i ly  t o  the e l imina t ion  of f r i c t i o n  term i n  /16 
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$&2t the Figure  12. P r e s % e  recovery i n  t h e  Dif fuser :  1 co-iP T Calculation -_ 

- 

Lacking a p r e c i s e  es t imate-of  t h e  omitted term, Equation (9) may be replaced 
by an empir ica l  r e l a t i o n  of t h e f o r m  ._ 

~ - ~ .~ . - -_  - ___ - 
The K cons tan t ,  der ived  l e x p e r i m t a l l y  and covering a r a t h e r  l a r g e  i n t e r v a l  , 

\ of Reynolds numbers, equals  0.8. - 

111.3.5. E f f e c t  of a Model 
- 

Although no sys temat ic  study w a i  undertaken i n t o  t h e  blocking e f f e c t  of a 
model on d i f f u s e r  e f f i c i e n c y ,  c e r t a i n  prel iminary experiments .have shown t h a t  t he  
t e s t i n g  of t y p i c a l  models ( r een t ry  bodies)  of a r e l a t i v e  s i z e  A/AO i n  t h e  order  

of 5% l e a d  t o  l o s s e s  of no more than 10%. 

I V .  CONCLUSIONS 

A sys temat ic  experimental  study of hypersonic d i f f u s e r s ,  which have a b a f f l e  
and a c y l i n d r i c a l  mixer,  has  been c a r r i e d  o u t ,  a t  a low Reynolds number, f o r  an 

1 2  
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open j e t  wind-tunnel. 
(of as much as 30 t o  50 t i m e s  t h e  nozzle  output p re s su re  po) can be obtained 
a t  Mach numbers i n  t h e  o r d e r  of 8 f o r  a po p re s su re  level  of 100 1.1. 

The r e s u l t s  achieved i n d i c a t e  t h a t  high recovery f a c t o r s  

Analysis of d i f f u s e r  ope ra t ion  has provided a b a s i s  f o r  t h e  determinat ion 
of t h e  r e s p e c t i v e  r o l e s  of  t h e  two e s s e n t i a l  elements of which t h e  d i f f u s e r  is 
comprised: 

- t h e  i n t a k e  geometry (angle  and r e l a t i v e  en t r ance  s e c t i o n )  has  a d e c i s i v e  
e f f e c t  on t h e  level of t h e  box pres su re ,  but no e f f e c t  on t h e  o v e r a l l  optimum 
e f f i c i e n c y  of t h e  d i f f u s e r ;  s a t i s f a c t o r y  adaptat ion of t h e  i n t a k e ,  f o r  a l a r g e  
range of ope ra t ing  cond i t ions ,  may be achieved with t h e  following c h a r a c t e r i s t i c s :  
Ar/Ao,-_3, 3" < ar < 6"; 

t he  func t ion  of  t h g m i x e r ;  g a i n  i n c r e a s e s ,  
as t h e  mixer diameter decrease 
priming condi t ions.  

- p r e s s u r e  r e c o v e q - 9 s  
l i m i t i n g  va lue ,  i&sed by nozzle  

A s imple t h e o r e t i c a l  p r e d i c t i o n  of d i f f u s e r  performance has been proposed. 
It i s  i n  good agreement wi th  a c t u a l  recovery levels,  provided an empi r i ca l ly  
determined c o r r e c t i o n  f a c t o r  i s  introduced. 

. 
~ 

~~ 
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